NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


(NASA-CE--;47645) AERODYNAMIC 
CHABACTBEISTICS OF A 0,00563 SCALE 142-INCH 
DIAMETER SOLID ROCKET BOOSTER (MSEC MODEL 
449 AND 480) WITH SIDE dOUNTED STINGS IN THE 
NASA/MS PC 14-INCH TRISONIC WIND (Chrysler G3/02 


N77-11000 

HC A«sr 
MP AC I 

Onclas 

54584 



SPACE SHUTTLE 

AEROTHERMODYNAMIC DATA REPORT 



JOHNSON SPACE CENTER 


iDdfUagement services 


SPACE DIVISION 



SHSySLER 

CORPORATION 


HOUSTON, TEXAS 


October, 1976 


DHS>DR>2325 
KASA CR- 147, 645 

AERODYNAMIC CHARACTERISTICS OF A 0.00563 SCALE 

142-INCH DIAMETER SOLID ROCKET BOOSTER 
(MSFC MODEL 449 AMD 480) WITH SIDE MOUNTED 

STINGS IN THE NASA/MSFC 14 INCH TRISONIC WIND 
TUNNEL (SA14FA) 


by 

Paul E. Ramsey, NASA/MSFC 
Prepared under NASA Contract Number NAS9-13247 


by 

Data Management Services 
Chrysler Corporation Space Division 
New Orleans, La. 70189 


for 

Engineering Analysis Division 
Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas 



WIND TUNNEL TEST SPECIFICS : 


Test Number: 

NASA Series Nunber: 
Model Nunber: 

Test Dates: 
Occupancy Hours: 


MSFC TWT 620 
SA14FA 

MSFC Model Nuaber 449 and 480 
December 19, 1975 and March 11 » 1976 
144 


FACILITY COORDINATOR: 


Dale Andrews 

Marshall Space Flight Center 
Mall Stop ED32 
Huntsville, Alabama 35801 

Phone: (205) 453-3166 

PROJECT ENGINEERS: 


Paul E. Ramsey 

Marshall Space Flight Center 
Mall Stop ED32 
Huntsville, Alabama 35801 

Phone: (205) 453-3152 

DATA MANAGQfENT SERVICES: 


Prepared by: 
Reviewed by: 


Liaison — V. W. Sparks 
Operations — V. W. Sparks 

G. G. McDonald 


Approved 


"H- 




G 

Ope 



Concurrence 


Manager 
ft Ions 




N. D. Kemp, Manag 
Data Management Services 




Chrysler Corporation Space Division assumes no responsibility for the 
data presented other than display characteristics. 


11 



AERODYNAMIC CHARACTERISTICS OF A 0.00563 SCALE 


142-IKCH DIAMETER SOLID ROCKET BOOSTER 
(MSFC MODEL 449 AND 480) WITH SIDE MOUNTED STINGS 
IN THE NASA/MSFC 14-INCH TRISONIC WIND TUNNEL 
(SA14FA) 

by 

Paul E. Ramsey. NASA/MSFC 
ABSTRACT 

An experimental investigation (SA14FA, TWT 620) was conducted in 
the MSFC 14-lnch TWT to determine the entry static stability of a 
0.00563 scale Shuttle Solid Rocket Booster (SRB). The primary objective 
was to determine the effects of four side mounted sting configurations 
and to improve the definition of the aerodynamic characteristics in the 
vicinity of the SRB entry trim point. 

Data were obtained for two 60 and two 90 degree side mounted stings 
and a straight nose mounted sting. The angle of attack range for the 
side-mounted stings was 100 to 170 degrees while that for the nose 
mounted sting was 150 to 170 degrees. The Mach number rcmge consisted 
of 0.6 to 3.48. Except for the aft attach ring, no protuberances were 
considered and the side slip and roll angles were zero. 

The test model was scaled from the 142-lnch diameter SRB known as 
configuration 139 which was used during test TWT 572 (SA5F). 
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NOMENCLATURE 


PLOT 

SYMBOL 

AF 


N 


I 


B 


I 


ref 


MNEMONIC 


L 

LREF 


MRP 

M 

y 

M 

z 

NF 


P 

«• 

PM 


MRP 


PT 


Q 

RN 


SF 

SRB 

S . SREF 

ref 


General 

DEFINITION 

abbreviation for axial force 
normal force, lbs 
side force, lbs 
length of SRB model, 

reference length; diameter of the cylindrical 
section of the model. In. 

moment reference point 

pitching moment, in. -lbs 

yawing moment, in. -lbs 

abbreviation for normal force 

wind tunnel charge pressure, psl 

total pressure, psl 

static pressure, psl 

abbreviation for pitching moment 

dynamic pressure, psl 

Reynolds Number (based on the model diameter) 
abbreviation for rolling moment 
abbreviation for side force 
Solid Rocket Booster 

reference area (cross-sectional area of the 
cylindrical section of the model), In.^ 

total temperature, °F 
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NOMENCLATURE (Continued) 


PLOT 

SYMBOL MNEMONIC 


DEFINITION 


T 

c 


tunnel charge temperature, 


X ,Y ,Z missile axes system 

m m m 


X XCP/L longitudinal position of the center of 

pressure, expressed as a fraction of the 
SRB length measured from nose. 


XMRP 

ZMRP 

YMRP 


YM 

PLOT 

SYMBOL 

C 

m 



C 


n 


m 


C 


Y 


m 


C 


A 


C 


I 


XMRP 

ZMRP 

YMRP 



abbreviations for location of the moment 

reference point in the missile axis system, 

measured from centerline of model at nose 

(XMRP measured in negative direction of X ) , 
. m 

In. 

abbreviation for yawing moment 
COEFFICIENTS 


MNEMONIC 


CLMM 


CNM 


CYNM 


CYM 

CA 

CBL 


DEFINITION 


pitching moment coefficient in the missile 


M 


axes system; C 


m 

m 


q S - . 

ref ref 


normal force coefficient; C 


N 


N 


q S 


ref 


M 


yawing moment coefficient; C =* 


n q S . f - 

m ^ ref ref 


side force coefficient; C^ 
axial force coefficient; C 


q S . 

m ^ ref 

AF 


M 


rolling moment coefficient; C 


I q S , , 

^ ref ref 
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NOMENCLATURE (Continued) 
Greek Synfcole 


PLOT 

SYMBOL 

MNEMONIC 

DEFINITION 

a 


angle of attack of model, since there is no 
yaw angle (B), then o is the same as the 
total angle of attack (o^) , deg. 

“t 

ALPHA 

total angle of attack, deg. 

3 

BETA 

angle of sideslip, deg. 

M 

MACH 

Mach nuaiber 

♦ 

PHI 

roll angle, i.e., angle between the missile 
Y -axis and the plane defined by the missile 
]^-axi8 and the relative wind vector (from a 
pilot's viewpoint) in an airplane, a positive 
roll angle is a clockwise rotation) . Since 
the model was axisymmetric the roll angle was 
considered to be zero, deg. 

y 


ratio of specific heats vior air 1.4) 




Subscripts 

PLOT 

SYMBOL 

MNEMONIC 

DEFINITION 

ref 

REF 

reference conditions 

o 


total conditions 

c 


charge conditions 

B 


model body 

m 


missile axis system 

8 


static conditions 
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INTRODUCTION 


SRB force data obtained at the LaRC 8* TWT and the MSFC 14" TWT 
contains discontinuities and discrepancies In the angle-of-attack range 
of 100° to 140°. Since the SRB trims In this alpha range during entry, 
the trim point Is Ill-defined at subsonic and transonic Mach numbers. 
Examination of the data suggests that possible causes may be sting effects, 
t\mnel blockage or wall effects, and model engine skirt/nozzle Internal 
configuration differences. 

To determine and define the causes of these uncertainties, an In- 
vestigation was conducted In the MSFC^4" TWT (TWT 620). The approach 
was to simulate the LaFC test hardware as closely as possible without a 
major redesign and modification of existing hardware. The results pro- 
vided a common ground for judging which of the potential problem areas 
should be corrected or Improved. The 14" TWT simulation Included a 60° 
side mounted sting scaled relative to model size and located at the proper 
model longitudinal station. Also, the LaRC model engine skirt /ncvzle 
Internal geometry was reproduced for the MSFC test model. 

A second objective was to eliminate as many sources of error In the 
14" TWT test setup as possible. To reduce sting effects, a new 90° side 
mounted balance adapter was designed with a smaller cross section than 

t 

adapters used for past 14" TWT tests. Also, a new adapter hole pattern 
provided an alpha range that bridged the discontinuity at a ■ 130° of 
past MSFC data. This problem area, which appeared In both the MSFC and 
LaRC data, occurs at the point where the sting was changed from a side 
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INTRODUCTION (Continued) 


mounted to a noee mounted system. In addition, a new one piece, slender, 
side mounted sting was tried for a few runs. 
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MODEL AND SUPPORT HARDWARE 


The test configuration which was the subject of the present investi- 
gation is the 142-inch diameter SRB with attach ring. Two 0.563% scale 
models of this SRB, MSEC model numbers 480 c.d 449, were used. Model 480 
was top mounted while 449 was nose mounted. Details and dimensions of the 
stainless steel models are presented in Figures 2 and 3. 

The models were fabricated of stainless steel in three major sections 
nose, body and tall (engine nozzle/skirt) sections. The tail section was 
designed so that the Internal volume under the skirt and inside the 
engine nozzle simulated the LaRC test configuration. The tall section 
which is Interchangeable with both model 480 and 449 was used as part of 
both models during this study. The cylindrical body of model 480 contains 
a cutout on the top to accommoda< a the top mounted sting. Model 449 used 
a cut-away nose cone to accommodate the nose mounted sting. The attach- 
ment ring is the only protuberance which was used during this investi- 
gation. Dt :alls of the engine skirt and nozzle are presented in Figure 

V 

4. Model dimensional sheets are presented in Table III. 

The model parts nomenclature is as follows: 
nose 

Cylindrical body 
attachmei^t ring 
engine nozzle/skirt 

60° side mounted sting (balance adapter 126, see 
Figures 5 and 11) 


M 

B 

R 

E 

M 


60 
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MODEL AND SUPPORT HARDWARE (Continued) 


Mq. 90° side mounted sting (balance adapter 127, see 

Figures 6 and 12) 

M. nose mounted sting (balance adapter 113A, see Figures 

" 7 and 13) 

special 90° side mounted sting (balance adapter 130, 
see Figures 8 and lA) 

one piece side mounted sting (sting 131, see Figure 15) 
The stings, sting adapters and balance adapters which were used are: 

Sting number 1 

Sting adapter numbers 1 and 3 

A new 60° balance adapter, number 126, depleted In Figure 5. 

A new slim 90° balance adapter, number 127, depicted In Figure 6. 

Balance adapter nund>er 113A, depicted In Figure 7. 

A special 90° balance adapter, number 130, depicted In Elgure 8. 

A one piece side mounted sting, number 131 , depicted In Figure IS. 
Table IV lists the combinations of support hardware and associated 
angle-of -attack ranges used In this test. It should be noted that for 
the 90° balance adapter. No. 127 and 130, the stlng/stlng adapter conibln- 
natlon was rolled 180° from the normal setup to get a ranges which overlap 
previous a ranges and at the same time keep the model centered In the 
tunnel test section. The "sting adapters" shown in Figure 9 adapt the 
sting to the tunnel sector. Figure 10 shows the "sting" which uses 
different mounting hole combinations, to adjust the relative angle with 
both the sting adapters and the balance adapters. 
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MODEL AND SUPPORT HARDWARE (Concludad) 


The "balance adapters" depicted In Figures 5> 6, 7, and 8 connect 
the balance to the sting. The four support hardware combinations used 
In these tests are shown In Figures 11, 12, 13, 14 and 15. 
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CONFIGURATIONS INVESTIGATED 


The configurations tested are as follows: 

NBRE H60 
NBRE N90 
NBRE MO 
NBRE M90S 
NBRE MS 

The first two consisted of the SRB with the attach ring but without 
other protuberances mounted on 60° and 90° side mounted stings respective- 
ly. The third configuration was^the same as the others except that it 
was nose mounted. The fourth and fifth were also the same SRB configu- 
ration but were mounted on a one piece sting respectively. 

Boundary layer translation was fixed with 0.05-inch wide strips 
of number 100 silicon carbide grit applied to model as shown in Figure 
16. 

A description of Individual model components is given in Table III. 
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TEST FACILITY DESCRIPTION 


The Marshall Space Flight Center 14 x 14 Inch Trlsonlc Wind Tunnel 
is an Interalttent blowdown timnel %dtlch operates by high pressure air 
flowing from storage to either vacuum or atmospheric conditions. A Mach 
aund>er range from .2 to S.OO Is covered by utilizing two Interchangeable 
test sections. The transonic section permits testing at Mach 0.20 through 
2.50, and the supersonic section permits testing at Mach 2.74 through 5.00. 
Mach numbers between .2 and .9 are obtained by using a controllable dif- 
fuser. The range from .95 to 1.3 Is achieved through the use of plenum 
suction and perforated walls. Mach numbers of 1.46, 1.96 and 2.50 are 
produced by Interchangeable sets of fixed contour nozzle blocks. Above 
Mach 2.50 a set of fixed contour nozzle blocks are tilted and translated 
automatically to produce any desired Mach number In .25 Increments. 

Air Is supplied to a 6000 cubic foot storage tank at approximately 
-40 degrees Fahrenheit dew point and 500 pounds per square Inch absolute. 
The compressor Is a three-stage reciprocating unit driven by a 1500 horse- 
power motor. 

The tunnel flow Is established and controlled with a servo-actuated 
gate valve. The controlled air flows through the valve diffuser Into the 
stilling chamber and heat exchanger where the air temperature can be con- 
trolled from ambient to approximately 200 degrees Fahrenheit. The air 
then passes through the test section which contains the nozzle blocks and 
test region. 
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TEST FACILITY DESCRIPTION (Continued) 


Do.ni8tream of the test section is a hydraulically controlled pitch 
scictoi that provides a total angle of attack range of 20 degrees (+ 10 
degrees). Sting offsets are available for obtaining various oaximum ang- 
les of attack up to 90 degrees. 

variable diffuser section has movable floor and ceiling panels 
^dilch ^re the primary means of controlling the subsonic Nach nusd>ers and 
permit more efficient running at supersonic Mach numbers. The sector 
asseiid)!/ and diffuser telescope to allow easy access to the model and 
test section. 

Tunnel flow is exhausted through an acoustically damped tower to 
atmosphere or into the vacuum field of 42,000 cubic feet. The vacuum 
tank are evacuated by vacuum pumps driven by electric motors rated at 
a total of 500 hor’ epower. 

Data are recorded by a solid-state digital data acquisition system. 
The digital data are transferred to punched cards during the run to be 
reduced later by a computer to proper coefficient form. 
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TEST CONDITIONS AND INSTRUMENTATION 


The SRB Model 480 was mounted nose down on balance 239 which was 
mounted to either the 60*^ (#126) , 90° (#127) , or 90° (#130) balance 
adapters. Model 480 was also mounted on the one piece sting #131 for a 
few runs. Model 449 was mounted nose first on balance 239 which was 
mounted on balance adapter 113A. No base pressure measurements were made 
during this Investigation. 

The Mach number range consisted of 0.6, 0.9, 1.2, 1.46, 1.96, and 
3.48. The complete tunnel test conditions are presented In Table I. The 
angle-of-attack range consisted of 100°-120°, 120°-140°, 140°-160°, and 
130°-150° on the 90° adapters and 100°-120°, 120°-140°, and 140°-160° on 
the 60° adapter. The nose mounted configuration covered the 150°-170° 
angle range. The one piece sting (131) covered the 130°-1S0° angle range. 
The Run Summary/Collation Is shown in Table III. 
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DATA REDUCTION 


All model forces and moments were resolved In the missile axis sys- 
tem and presented In the form of nondlmenslonal coefficients. The co- 
efficients Included In the tabulated data output are listed below: 


NF- 

CNM - ^ 

Q SREF 


normal force coefficient 


CLMN 


CYM 


CYNM 


Q SREF LREF * 
SFa 

Q SREF * 

Q SREF BREF ’ 


pitching moment coefficient 


side force coefficient 


yawing moment coefficient 


CBL 


RMjj 

Q SREF BREF ’ 


rolling moment coefficient 


CA 

XCP/L 


AF, 


m 


Q SREF 


total axial force coefficient 


XMRP 

L 



longitudinal center of pressure 
location In percent of body 
length from nose 


The usual tunnel parameters; F^, P^, RN, and o; were measured, 

s 

computed and tabulated, along with the data. Because of the side mounted 


sting setups used, no base pressures were measured. 

Model reference dimensions used for data reduction are presented 
below: 
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DATA REDUCTION (Continued) 


Parameter 

Symbol 

Full Scale 

0.00563 Scale 

Reference Area (Based 
on body cross section) 

SREF 

109.98 ft^ 

0.503 In.^ 

Reference Length 
(body diameter) 

LREF 

142 In. 

0.800 In. 

Reference Span 
(body diameter) 

BREF 

142 In. 

0.800 In. 

Moment Reference Point 
(Measured from nose on 
body center line) 

XMRP* 

986.97 In. 

5.560 In. 


YMRP 

0 

0 


ZMRP 

0 

0 

Body Length (Measured 

L 

1741 In. 

9.808 In. 


from nose to end of 
nozzle) 


*XMRF - 56.69Z of total length measured from nose to end of nozzle. 
Data were corrected for weight tares and sting deflections. 
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TABLE I 


TEST ! TWT 620 


TEST CONDITIONS 


REYNOLDS NUMBER 
(pet unit length) 



[date: 3/11/76 


DYNAMIC PRESSURE 
(pounds/sq. inch) 



4.35 

100 

7.37 

100 

9.20 

100 

9.49 

100 

10.95 

100 

6.84 

140 



200 

lbs 

100 

lbs 

50 

lbs 

196 

in-lbs 

98 

in-lbs 

50 

in- lbs 


ACCURACY; 

+ 1.00 lbs. 

± 0.50 lbs 
4- 0.25 lbs. 

+ 1.00 In-l bs 
4^ 0.50 ln-l b8 
4-0.25 in-lbs 


COEFFICIENT 

± 0.016 
± 0.008 
4- O.OOA 
± 0.003 
4- 0.002 
4- 0.001 


COMMENTS: Accuracy based on + 0.5Z of balance full load capacity 
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DATA SET/RUN NUMBER COLLATION SUMMARY 
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TABLE III. 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT : Nose-N 

GENERAL DESCRIPTION • 142 Inch SRB nose, conce angle Is 18° with a 

spherical radius nose cap. Scale 0.00563. 


DRAWING NUMBER : 80M42755 


DIMENSIONS : 

Length 
Max Width 
Max Depth 

Fineness Ratio 
Area 

Max. Cross-Sectional 
Planform 

Wetted 

Base 


FULL SCALE 

188.0 In. 

142 In. 
142 In. 
1.32 

109.98 ft^ 


MODEL SCALE 

1.059 In. 

0.8 In. 
0.8 In. 
1.32 


0.503 1n.^ 


109.98 ft^ 0.503 1n.^ 
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TABLE III, (Cont'd) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT : 

GENERAL DESCRIPTION *• Inch d1dni6t6r SRB body (this body wds cut on 

Its side for sting mounting for angles of attack from 100° to 160°^ 


DRAWING NUMBER ; 80M32753, 80M42756, 80M42755 


DIMENSIONS ■ 

Length 
Max Width 
Max Depth 
Fineness Ratio 
Area 

Mox. Cross-Sectional 
Plonform 

Wetted 

Base 


FULL SCALE 

1407.8 In. 
142 In. 

142 In. 


109.98 ft^ 


MODEL SCALE 

7.931 In. 
0.8 In. 

0.8 In. 


0.503 in. 


109.98 ft^ n,503 In. 
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TABLE III. (Continued) 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : Attachment Ring - R 

GENERAL DESCRIPTION An attac'.nent ring (used to attach SRB ^ ET ) Is 
located 1.127 Inches model scale (200 Inches full scale) forward of the 

shroud flare. 


DRAWING NUMBER . 80M42756 


DIMENSIONS . 

Length 
Max Width 
Max Depth 

Fineness Ratio 
Area 

Max. Cross-Sectional 
Planform 

Wetted 

Base 


FULL SCALE MODEL SCALE 


10.3 In 0.0S8 In. 

10. G Iru 0.099 In. 
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TABLE III (Continued) 


MODEL COMPONENT: Engine Nozzle/Skirt - E 

GENERAL DESCRIPTION: 142 Inch diameter SRB engine nozzle/sklrt 
cowblnatlon. Both are sywwetrlcal with the SRB body. The model was 
hoHotied 0.938 Inches Inside the skirt and U66 Inches Inside the 

nozzle to siwulate full scale. 

DRAMIN6 NUMBER: 80M427S7. 80M42760 


DIMENSIONS: 

THEORETICAL 

FULL SCAll HOKL SCALE 

Engine Skirt 

Flare Angle 

15°03' 

15®03' 

Length 

93 In 

0.524 1n4 

Max. Midth 

192 In. 

1.082 In. 

Max. Depth 

192 In. 

1.082 In. 

Max. Cross Sectional Area 

201.1 ft^ 

.920 1n.^ 

Engine Nozzle 

Exposed Length 

52.2 In. 

0.294 In. 

Max. Width 

141.6 In. 

0.798 In. 

Max. Depth 

141.6 In. 

0.798 In. 

Base Area 

109.52 ft^ 

0.500 1n^ 
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SUPPORT HARDWARE COMBINATIONS 
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Figure 1. - Body and Hisslle Axis Systems 
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igure 2. 0.00563 Scale 142-lnch SRB Geometry (MSFC Model 480) 





Figure 4. Engine Nozzle/Skirt Details 














Figure 8. Special 90 ° Balance Adapter, No. 130 
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STING ADAPTER 1 



STING ADAPTER 3 


Figure 9. Sting Adapters 
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Fljxire 12. T 3 rpical Setup for 90 Side Mounted Sting. 


















Figure 15. Detells of One Piece Side Mounted Sting. Mo. 131. 
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SRB ENTRY LONGITUDINAL STABILITY AND ORAtj CHARACTERISTICS 
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DATA SET SYMBOL CONFIGURATJON DESCRIPTION BETA REFERENCE INFORMATION 

(AlQOtn O MSFC T¥T 620 tSAJAFIA)) STING EFFECTS. NBREMS .000 SREF 

LRCF 142«C0CC iNb 

BREf H2.0000 IN. 

XMRf> 988.9700 IN. X! 
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RCPEKeiCE INFORHATION 
EF I09.980C SQ.FT 

EF I42.000C IN. 

EF !47.CCQC IN. 

RP 966.9700 IN. K 
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I BETA «'eReNce i»#>or 
N6 effects. NBREM60 .000 SBEF 109.9BOO 
NG EFFECTS. N9RFMS0 . 000 LREF M2. 0000 
NG EFFECTS. N0REMO .000 BREF M2. 0000 
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DATA ser SVMBOL CONFIGURATION OESCRtPTION BETA REFERENCE JNFORHATItM 

(BlOOOn Q MSFC TWT 820 tSAHFCA)) STING EFFECTS. N8REMS0 . 000 SREF 109.0800 SO.FT 

(810004) □ HSFC TWT 820 (SAMFCA)) STING EFFECTS. N8REH90 . 000 LREF 142.0000 IN. 

(BtOOOB) O NSFC TWT 620 (SA14FCA)) STING EFFECTS. N8RCH0 .000 BREF I42.0C00 IN. 



COMPARISON 01 
CONFIGURATIOI 
CB)MACH = .90 




COMPARISON OF LONGITUDINAL CHARACTER 
CONFIGURATION 
[CDMACH = 1.20 









WWW 

xvisa 


s Him 


OggQOO 

SSS<noo 


oog 




s? — « 


Ia. l» l» ». A * 

o: uiuiuia: K tt 


^QCttr £X 
tfi X >>rM 


ooo 

OOQ 

OOO 


o_ 

mo 

ri: 

UlUi 

ao: 

mco 




OIJ 

uiui 
u. u. 

lA. IL 
UJUl 


oo 

z z 


ww 


< < 


u. u. 




J»< < 

<mv» 


<oo 

>CVCS| 

CiDW 


• 09 » 

z*“*“ 


<ou 


oi: X 


ODO 



CM — 


I 


(N 

I 


(N 

I 


CO 

I 


n 

I 


I 


I 


in 


o 



COMPARISON OF LONGITUDINAL CHARACTERISTICS AND DRAG AS A FUNCTION OF STING 
CONFIGURATION 

CDJMACH = 1.46 PAGE 177 





O WWW 


COMPARISON OF LONGITUDINAL CHARACTERISTICS AND DRAG AS A FUNCTION OF STING 
CONFIGURATION 

CE)MACH = 1.96 PAGE 178 





data set symbol CONFMUA^TtON DESCRIPTION KTA REFERENCE INPORHAnCN 

(BIOOCO Q MSFC T. T j (SAHF(A)) STINO EFFECTS. NBREMaO .000 SREF 10S.9M fO.FT 

(A10009) □ MSrC TWT v.20 (SAMF(A)) STIND EFFECTS. NBREM90S .000 LREF M2.0000 IN. 

(AtOOtO) O MSFC TWT 620 (SAMF(A)) STING EFFECTS. N8REM90S .000 BREF 142.0000 IN. 

(BIOOOB) A .UFC TWT 620 (SAI4F(A)] STING EFFECTS. NBREHO .000 XMRP 986.9700 . IN. X 
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DATA SET SYMBOL CONFIGURATION DESCRIPTION BETA REFEROCE I»TOR 
(810004) Q MSFC TWT 620 C3A14F(A)) STING EFFECTS. N8REHS0 .000 SRCF iOB.SBOO 
(A10009) 0 MSFC TXT 620 (SA14FCA)) STING EFFECTS. NBREM90S .000 LREF 142.0000 
(AIOOIO) O MSFC TWT 620 tSAl4F(A)) STING EFFECTS. NBREM90S .000 BREF 142.0000 
(B10008) A MSFC TWT 620 CSAHFCAl) STING EFFECTS. NBREMO .000 XMRP 986.9700 



COMPARISON OF LONGITUDINAL CHARACTERISTICS AND DRAG AS A FUNCTION OF 
CONFIGURATION 
CDIMACH ^ 1.48 
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AiOOtO] O MSFC TWT 620 tSAl^FCAJ) STING EFFECTS. NBREilSOS .000 

010)08) A MSFC T«T 620 (SAMFCA)) STING EFFECTS. NBREMO .wOO 





DATA SET STHBOL COrriGURATION DESCRIPTION BETA , RErERENCE INFORHATION 
tBlOOOA) Q MSFC TWT 620 (SA14FCA)) STING EFFECTS. NBREM90 .000 * SREF 103-9^00 SO. 
(AIOOOS} 0 MSFC TWT 820 tSAMFIA)' ?»ING EFFECTS. NBREM90S .000 LREF 142.0C00 IN. 
(AlOOIO) O MSFC TWT 620 (SAUFCA^. NG EFFECTS. N8REM90S .000 8REF 142.0000 IN. 
(Bioooei A MSFC TWT 620 CSAMFCA)) . iNG EFFECTS. NBREMj .000 XMRP 9B6.9700 IN. 
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DATA SCT SVIiMl. CONPIGURATtON OESCRtPTlOR Sf TA RCPERCNCC INFORHATION 
(810004) Q HSPC TWT 620 (SAt4P(A)) STINO EFFECTS. NBREM90 .000 SRCF 109.6800 SO. 
(AICXI09) O RSFC TWT 620 (SAIAFCA)) ST|N6 EFFECTS. NBREM90S .000 L8CF 142.0000 tN, 
(AIOOIO) O HSFC TWT 620 (SAI4F(A)) STINO EFFECTS. NBREHSOS .000 BREF 142.0000 IN, 
(BI0008) C. HSFC TWT 620 (SA14FCA)) STINO EFFECTS. NBREMO .000 XNRR 9B6.9700 IN, 
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OAfA scr SYMBOL CONFtGUBATION OESC>»tPTtON BETA REEERCMCC INFORHATtON 
(BIOOOO Q MSEC TWT 620 tSAlAECA)) STING EFFECTS. N8REM90 . 000 SREF 109.8BOO SO. 
(AI0009) n MSFC TWT 620 (SA14F(A)) STING EFFECTS. NBREMSOS .000 LRE* H2.0000 IN, 
CAIOOlO) Q MSFC TWT 620 (SAMF(A)) STING EFFECTS. NBREMSOS .000 GREF M2.0000 IN, 
(B10008) A MSFC TWT 620 (SAIAFCAI) STING EFFECTS. NBREMO .000 XMRR 96S.S700 IN. 
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data set STt«OL CONC'IGURATt'" DESCRIPTION liCTA REFERENCE ll/’ORH/.TION 

(BI0004) Q NSFC TUT 620 (SAHFCA}) STING EFFECTS. N8REH90 .000 SREF 109,9800 90.FT 

(A10009) U NSFC THT 620 (SAIAFCA]) STING EFFECTS. NBREM90S .000 LREF 142.0000 IN. 

(AtOOlO] O HSFC T«T 620 (SA14F(A)) STING EFFECTS. NBREN90S .000 BREF 142.0000 IN. 

tBIOOOB) A HSFC TWT 620 tSAI4F(A)l STING EFFECTS. NBREMO .000 XHRP 9S6.9700 IN. X 
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DATA SET STHML CONFIGURATION DESCRIPTION KTA REFERENCE INFORIiATION 

(BI0004) Q MSFC TVT 630 (SAHF(A)) STING EFFECTS. N8REM90 . 000 GREF 109.9800 90.1 

(AlOOOSi □ NSFC T«T 620 (SAUF(A)} STING EFFECTS. NBREM90S .000 LREF 142.0000 IN. 

(AiOOlO) O MSFC T«T 620 (SAHFtA)) STING EFFECTS. NBREM90S .000 BREF 142.0000 IN. 

(BtOOOBl A MSFC ThT 620 (SAI4F(A)} STING EFFECTS. NBREMO .000 XHRP 986.9700 IN.' 
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DATA SET SYHBOL CONFIGURATION DESCRIPTION BETA 

fBIOOOO n HSFC TWT S20 (SAMFCA)) STING EFFECTS. N0REM9O .000 

(AlOOin □ MSFC TWT G20 CSAMFIAJ) STING EFFECTS. NBREMS .000 

tAI0002) O MSFC Twr 620 tSAMFfA)) STING EFFECTS. NBREM60 .000 

(A10003) A MSFC THT 620 (SAMFCA}) STING EFFECTS. N8REM60 .000 



(BtOOM) Q HSFC TVT 620 t 
lAioom O >*SFc m 620 c 
CA10002) O MSFC TWT 620 ( 
tAlOUOS) A MSFC TtIT 620 t 
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ONFIGURATI 
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EF 109.9000 SO. 




DATA SET SrmOt CONFIGURATION DESCRIPTION BETA REFERENCE 1NF0NHAT18M 

(810004) Q HSFC TKT 620 (SAMFCA)) STING EFFECTS. NBREH30 .000 SREF 103.9800 80.FT 

(AIOOII) □ HSFC THT 620 tSAMF(A)) STING EFFECTS. NBREMS .000 LREF 142.0000 IN. 

(AI0002) Q HSFC TKT 620 (SAHF(A)) STING EFFECTS. NBREH60 . 000 BREF 142.0000 IN. 

(AI0003) i HSFC TWT 620 (SAMF(A)) STING EFFECTS. NBREH60 . 000 XMW 986.97^ IN. * 


M 

O 

<M 




(D 

2 

O 

li.2 

OO 

ZK 

o<in 

</>o:cn 

orco-- 

CLU. 

rz 

OO n 
CJCJ 


X 

o 

< 

X 

UJ 




ONGIT'JDINAL CHARACTER 







data set STtiKX CONFIGURATION 
(S10004) Q NSFC TWT 620 (S 
(AtOOin □ MSFC T«T 620 (S 
tAi0002) O MSFC TWT 620 (S 
(AI0003) & HSFC THT 620 CS 
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DATA SET SY«eOL CONFIGURATION DESCRIPTION BETA REFERENCE INFORMATION 
(B10004) Q MSFC TWT 620 tSAl4F(A)) STING EFFECTS. NBREM90 .000 SREF I09.9B0C SO, 
(AlOOin □ MSFC TWT 6^0 tSAUFCAn STING EFFECTS. NBREMS .000 CREF H2.0000 IN, 
(At0002) O MSFC TWT S20 tSAMFCA)) STING EFFECTS. NBREM60 . 000 BREF M2.0000 IN, 
tAtOOOG) A MSFC TWT 620 fSAHFfAJ) STING EFFECTS. NBREM60 . 000 XMRP 386.9700 IN, 
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APPENDIX 

TABULATilD SOURCE DATA 


Tabulations of plotted data are available on request from Data 
Management Services. 
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